During studies of transplacental virus infections in random bred hamsters purchased with timed pregnancies from three commercial dealers, spontaneous hemorrhagic necrosis of the central nervous system was seen in fetuses harvested near term. Ninety-seven pregnant hamsters from three colonies were examined during a 6-month period; this condition was seen in 25 of 41, 19 of 36, and five of 20 litters. Hamsters from another commercial colony were received, housed, and fed under the same conditions, but remained free of the disease. The pathological process was characterized by multiple spreading zones of edema, malacia, and hemorrhage. Lesions were restricted to neural tissues, including the retina and internal ear. Neuroepithelial proliferation with rosette formation, accompanying the destructive process, constituted a striking reparative response. No inflammatory reaction or cytopathic effects suggestive of virus-induced disease were seen. Studies on the cause of this condition were negative at the time when the disease disappeared spontaneously.
Spontaneous hemorrhagic necrosis describes a condition found in hamsters during studies of transplacental viral infections [l I]. This entity is characterized by gross hemorrhages under calvaria of otherwise normal fetuses. It occurred in a high proportion of hamsters purchased from three commercial dealers during a 6-month period in 1972. We were unable, however, to reproduce the disease. It disappeared spontaneously and has not reappeared in hamsters purchased from the original sources. Since that time other outbreaks of this disease have occurred in another laboratory [8] .
Because the disease can reappear and affects a high percentage of pregnant hamsters, it is worthy of intensive study. Moreover, by causing fetal deaths, it can greatly lower the productivity of a breeding colony.
Materials and Methods
Hamsters from four commercial colonies, Engle Laboratory Animals, Inc., Farmersburg, Ind.; Hilltop Lab Animals, Inc., Scottsdale, Pa.; Dennen Animal Industries, Inc., Gloucester, Mass.; and Lakeview Hamster Colony of Newfield, N. J., were used in this study. All animals were random bred and were shipped to us with timed pregnancies, most on or close to gestation days 5-8. Inoculations of various preparations were made on the animals shortly after arrival in volumes of I ml administered by both intraorbital and intraperitoneal routes. All procedures were done under ether anesthesia.
Hamsters were killed with ether and exsanguinated, either on gestation day 14 or 15, the uterus opened, and the fetuses examined. Prior to washing them, some fetuses and their placentas were washed in sterile distilled water at -50°C, then ground and suspended 1 : 10 in tissue culture fluid (Eagle's minimal essential medium, Grand Island Biological Co., New York, N.Y.). Fetuses designated for pathologic studies were immersed in Bouin's fixative after opening the thorax and abdomen to facilitate penetration of the fixative. They were then sectioned in the sagittal plane close to the midline and both parts were carried through to paraffin embedding. Sections were cut at 6 pm and stained with a modified Lendrum inclusion stain [18, 191. Tissue cultures were prepared from either rat embryos, harvested on gestation day 15 or 16, or hamster embryos, harvested on gestation day 13 or 14, and maintained in Eagle's medium containing 2% calf serum from which the y-globulin had been removed and to which penicillin and streptomycin had been added. Baby hamster kidney cultures, obtained from the American Type Culture Collection, also were used.
Results
A hamster was considered positive for spontaneous hemorrhagic necrosis if one or more fetuses in her litter had gross hemorrhages, visible as a dark cap under the calvarium ( fig. 1 ). These hemorrhages often extended as a streak over the spinal cord ( fig. 2 ). Sometimes eight to 11 fetuses in a litter were affected. The incidence of this condition in hamsters received from the three commercial colonies from May until October, 1972, is given in table 1.
Fetuses with the disease were usually alive. Those close to term sometimes had massive edema ( fig. 2 ). A few affected fetuses were born alive, but none survived more than-a day. Incidence of fetal death was higher than the one or two in a normal litter (table 11).
Tables I and I1
show that a variety of inocula, given hamsters on gestation days 5-8 shortly after their arrival in the laboratory, had no evident effect on the incidence of hemorrhagic necrosis. These inocula, given either by intraperitoneal or intraorbital routes, were viral inoculations that included reovirus types 1,2 and 3; minute virus of mice; normal tissue culture fluids; For description of inocula used, see text.
Ratio of mother hamsters with one or more affected fetuses per litter to total examined. reovirus - suspensions of normal placentae of hamsters and mice; and hamster to hamster passages of suspensions of fetuses having spontaneous hemorrhagic necrosis. These inoculations were parts of experiments carried out in a belief that the hamsters, which appeared normal on arrival, were free of disease. Indeed all mothers appeared healthy regardless of how many of their fetuses would have hemorrhagic necrosis subsequently. Because control (uninoculated) hamsters developed hemorrhagic necrosis, all these inocula were regarded as having had no effect. The condition seemed spontaneous and was probably developing in the pregnant hamsters before they arrived at the laboratory. The incidence did not vary during the 6-month period.
Hamsters from a fourth commercial colony were not affected except for one that might have been mislabeled. Hamsters from all four colonies were housed in the same animal quarters under identical conditions.
Although there were no inclusions or other morphological clues suggestive of a viral cause, it did seem worthwhile to attempt isolation of a virus or other infectious agents from affected fetuses. All efforts were unsuccessful.
A major difficulty was absence of any test animal. Suspensions of affected fetuses had no effect either in Lakeview hamsters that were necrosis-free or in pregnant mice. We also made attempts at isolation in tissue cultures. Inoculations of both rat and hamster embryo tissue cultures had no discernible cytopathic effect. Finally, primary cultures prepared by trypsinizing involved fetuses and making them into cultures directly gave negative results.
Diseased fetuses had two pathologic processes that appeared to be unrelated, although they sometimes occurred together in the same animal. One was spontaneous hemorrhagic necrosis of the central nervous system ; the other was a myopathy of mild to moderate degree that appeared irregularly and in a random fashion in otherwise normal fetuses and neonates, as well as in those affected by hemorrhagic necrosis. Affected fetuses had all stages of hemorrhagic necrosis from incipient to advanced. The severity bore no relation to age at harvest. Affected fetuses were usually alive and had respiration and spontaneous limb movements comparable to those of normal animals. Some animals that appeared moribund were diffusely edematous. Hemorrhagic necrosis was usually recognizable in living animals by hemorrhagic manifestations that could be seen through the thin mantle of cerebral cortex, calvarium, and soft tissue.
The fully developed process presented as hematocephaly, with blood distending the lateral ventricles ( fig. 1, 4, 12) and sometimes filling and extruding from the fourth ventricle and extending caudally through the central canal of the spinal cord along its full length (fig. 2 ). The subarachnoid space, even in the presence of massive bleeding, usually contained only a thin film of blood, or else remained free of hemorrhage. The mildest pathologic change was manifested as diffuse edema without necrotizing changes and hemorrhage. The edema, unaccompanied in its early stages by fig. 3,9) . In the eyes of several fetuses the entire retina was involved ( fig. 7, 8) . Early edema was also seen in the internal ear of a few animals. More severely involved fetuses presented a spreading necrotizing lesion ( fig. 3,4) , which was rather sharply delineated from adjacent normal ( fig. 10 ) or only slightly edematous ( fig. 9 ) parenchyma. At more advanced stages, multiple spreading, coalescent foci of necrosis were seen extending into the brain stem ( fig. 4, 5 ) and the spinal cord ( fig. 6 ).
Significant negative features of this progressive necrotizing process were the lack of an exudative or infiltrative cellular inflammatory response, the absence of a recognizable infectious agent, and the absence of structural alterations of blood vessels. Scavenger activity by macrophages was seen only at advanced stages of the process within necrotic foci. There were no bacterial or other parasitic agents, nor nuclear or cytoplasmic inclusions suggestive of virus-induced disease. Focal and coalescent hemorrhages, however, were in frequent association with the necrotizing lesions, often as the most conspicuous gross feature. Bleeding appeared to be fulminant, beginning within the cortical mantle, then breaking into the ventricular system, and spreading into the subarachnoid space ( fig. 1, 2, 4, 12) . No associated macrophage response, erythrophagocytosis or intra-or extracellular hemosiderin was seen. Bleeding was limited to the central nervous system.
Another feature of hemorrhagic necrosis was the exuberant reparative reaction associated with, and often contiguous to, the active destructive process. This healing response in the cerebral cortical mantle and subependymal cell plate was manifested by formation of numerous rosettes of proliferating neuroepithelium. These rosettes were usually arranged in an orderly pattern ( fig. 11-13 ), but were sometimes florid and disorganized ( fig. 5, 10,  14) . The stages of development and degrees of severity of hemorrhagic necrosis ranged from early to late, and mild to advanced, even though gestational ages of fetuses were different only by a day or two. These findings indicated onset of this process in many hamsters a few days prior to harvesting, while in others, even of the same litter, the disease was either incipient or absent. Hydrocephalus was not an associated feature. The peripheral nervous system and extraneural tissues were free of disease except for the random occurrence of myopathy of the type frequently found in inbred hamster colonies [6, 71 . This disease, considered to be transmitted by an autosomal recessive gene, was manifested by coagulative necrosis of scattered muscle fibers. These muscle lesions were seen in 32 of 70 Hilltop, 20 of 55 Engle, seven of 20 Dennen, and nine of 45 Lakeview litters. From one to all fetuses in litters with hemorrhagic necrosis had this myopathy, which ranged from mild and incipient to widespread and advanced disease. The occurrence of the myopathy was discordant with the incidence of hemorrhagic necrosis. The incidence of cardiomyopathy varied in pregnant and nonpregnant hamsters [6, 71 . This was seen in three of 52 Hilltop, but in none of 28 Engle, eight Lakeview, and seven Dennen hamsters. Again, there was no concordance between this maternal lesion and the presence of spontaneous hemorrhagic necrosis.
Discussion
No clues to the cause and pathogenesis of spontaneous hemorrhagic necrosis are gleaned from a review of the literature concerned with spontaneous diseases of hamsters [2, 4, 211. Moreover, no valid leads are provided from the epizootiology or from attempts at virus isolation. We have two hypotheses. The one most favored is that a virus of a type difficult to isolate is involved, and the other, that some toxic substance is present.
The main lesions of spontaneous hemorrhagic necrosis are necrotizing and noninflammatory and are accompanied by hemorrhages, spreading edema and zonal lysis of all parts of the parenchyma. They exhibit no cytopathic effects characteristic of viral action. The lesions are restricted to the central nervous system, including the retina and internal ear, and are extremely variable in severity, time of onset, and sites of tissue involvement. No intranuclear inclusions in endothelial cells and no thrombotic or primary necrotizing changes such as those seen in the hemorrhagic encephalopathy induced by parvoviruses [3, 171 were found. The absence of associated inflammatory changes alone neither supports nor discredits an infectious cause. Indeed, the limited inflammatory potential of the fetal brain is a well-documented phenomenon [I], repeatedly impressed upon us in studies of intrauterine and perinatal viral infections [9, 10, 12-14, 181 .
The exuberant healing process occurring in the face of the advancing necrotizing disease is another feature of spontaneous hemorrhagic necrosis. This process, involving primitive neuroepithelium and manifested by formation of numerous rosettes, results in developmental chaos, presumably setting the stage for teratogenic defects in case of survival. The closest parallel to this lesion is the malformation induced in brains of rat fetuses exposed to X-rays via maternal irradiation at specific periods of gestation [5] . In both examples the malformation can be related to concomitant processes of destruction of neural tissue, repair by primitive neuroepithelium, and continuing development of unaffected brain.
Since late 1972, when this disease spontaneously regressed in the three commercial colonies from which we had been receiving affected hamsters, our studies of it have been limited. In 1973 [ l l ] and again in 1975 [8] , however, a new outbreak was reported among hamsters from another commercial source. Initial studies seemed to indicate that females at their first pregnancy delivered affected litters only when mated with a specific group of males that appeared to carry this disease. Since its first appearance, spontaneous hemorrhagic necrosis has continued to recede and reappear, both in the commercial colony and in animals bred in laboratories. We have had the opportunity to study affected animals from one colony, thus verifying that the disease is identical to the disease of our hamsters. The disease is spontaneous and patterns of regression and recurrence are unpredictable.
